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COMPRESSED GAS MANUFAC- 
TURERS ASSOCIATION 


The Compressed Gas Manufacturers 
Association will hold its twelfth an- 
nual meeting on Jan. 26, 1925, at the 
Hotel Astor, New York City. The 
meeting will be followed by the an- 
nual dinner the evening of the same 
day. 

This Association represents manu- 
facturers of all industrial gases, such 
as acetylene, ammonia, carbonic gas, 
chlorine, hydrogen, nitrous oxide, ni- 
trogen, oxygen, sulphur dioxide and 
various hydrocarbon gases. These 
gases are used for isolated lighting 
and heating plants, in the fabrication 
of metal by means of the welding and 
cutting torch, for mechanical refriger- 
ation, for carbonation of beverages, 
for bleaching in the textile and paper 
industries, in the purification of water 
and sewerage by chlorination, as an- 
aesthetics, in fire extinction, and for 
various other purposes. The Associa- 
tion studies principally the technical 
problems involved in the transporta- 
tion of gases under pressure, the 
methods of insuring the establishment 
of safe practices, and the possibility 
of extending the uses of the com- 
pressed gases in industry. 


ANNUAL MEETING 


_ Preparations for the annual meet- 
ing are already under way. It has 
been tentatively proposed by the Meet- 
ings and Papers Committee to devote 
the technical session to a symposium 
on the inspection of welds and testing 
the skill of welding operators. 

_ Methods differ widely for different 
industries. For example, it is readily 
conceivable that the method of inspec- 
tion for welding of cast iron and test- 
ing the skill of operators by either the 
gas or electric processes would be to- 
tally different from methods used on 


a work in welding steel bar- 
reis, 


A number of industries have been 
selected and recognized experts of 
these industries will be requested to 
prepare brief papers covering their 
fields. Further details will be an- 
nounced later. 


AMERICAN MUSEUM OF SAFETY 


We have been asked to announce in 
our Journal that the American Mu- 
seum of Safety, 120 East 28th Street, 
New York City, is open daily from 
10 a. m. to 5 p. m. and on Saturday 
from 10 a. m. to 12 m. 

Members are cordially invited to 
visit the Museum when they are in 
New York. Copies of their magazine 
on Safety will be sent upon request to 
Mr. A. A. Hopkins, Director of the 
American Museum of Safety, whose 
office is located at 141 East 29th 
Street, New York City. 


BOUND VOLUMES OF THE 
JOURNAL 


A limited number of bound volumes 
of the Journal for 1924 will be made 
up shortly, which members may obtain 
at $5.00 per copy. As the supply is 
quite small, it is suggested that mem- 
bers place their orders as soon as 
possible. 


SECTION ACTIVITIES 
Boston Section 


The next meeting of the Boston Sec- 
tion of the American Welding Society 
will be a joint meeting with the Na- 
tional Association of Stationary En- 
gineers and will be held at Franklin 
Union Hall, Berkeley and Appleton 
Streets, Boston, Mass., on Dec. 19. 
Mr. S. W. Miller of the Union Carbide 
and Carbon Research Laboratories will 
present a paper on the “Acetylene 
Welding of Cast Iron with Bronze.” 
In addition two interesting demonstra- 
tions of gas welding are being pre- 
pared. 
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Western New York 


The November meeting of the West- 
ern New York Section was held on 
the 12th at Mechanics’ Institute, 
Rochester, N. Y. Mr. W. P. Madden of 
the General Electric Company pre- 
sented a paper on the “Application 
of Are Welding with the Automatic 
Welding Machine.” His lecture was 
illustrated with a number of lantern 
slides showing the many applications 
and the high production speed pos- 
sible with the automatic welding ma- 
chine. A moving picture of the elec- 
tric welding arc in action magnified 
300 times was also shown. 

The December meeting was held on 
the 17th at the lecture room of the 
Seneca Vocational School, Buffalo, 
N. Y., and among those present were 
included welding shop proprietors, en- 
gineers of welding, superintendents, 
managers of industrial plants, welders 
and students. Mr. James Burke, 
president of the Burke Electric Co., 
presented a paper on “Manufacturing 
Applications of Electric Welding.” A 
number of slides were shown illus- 
trating many examples of welding in 
the shops of the Burke Electric Co. 
Among other things, the entire steam 
heating equipment of this plant has 
been electrically welded. 

The next meeting of the Section 
will be held on Jan. 14, 1925, at which 
time Mr. S. W. Miller of the Union 
Carbide and Carbon Research Labo- 
ratories will present a paper on “How 
Heat Affects Steel, Especially in 
Welding.” 


San Francisco 


The November meeting of the San 
Francisco Section was held on the 
2ist in the Engineers Club. Mr. R. 
E. Lamberson presented a paper on 
the “Problems and Needs of the Job 
Welding Shop.” 


Bound Volume of Journal for 1924 Will Be 
Ready in a Few Weeks 
Price to Members $5.00 per Copy 
Place Orders Now! 


{December 


Pittsburgh 


The November meeting of the Pitts- 
burgh Section was held on the 2ist. 
Mr. T. T. Copeland of the Carnegie 
Steel Co., Homestead Milis, presented 
an illustrated paper on “Reclaiming 
Worn and Broken Parts in Machin- 
ery.” 

The following schedule for future 
meetings is reported by this section: 

December—Seward W. Mann, H. 
Kleinhaus Co. 

January—Lincoln Electric Co. 

February—L. H. Burkhart, chief 
engineer, Struthers-Wells Co., War- 
ren, Pa. 

March—Stanley Crute or Represen- 
tative, Advance Welding Co., Cora- 
opolis, Pa. 

April—Burke Electric Co., 
Pa., Mr. Burke or Mr. Boyd. 


Erie, 


Philadelphia 


The December meeting of the Phil- 
adelphia Section was held on the 15th. 
Among the speakers were scheduled 
the following: 

Mr. Eric H. Ewertz, general mana- 
ger, Bethlehem Shipbuilding Corp’n, 
Ltd., Moore Plant, Elizabeth, N. J. 

Dr. George L. Kelley, director of 
laboratories, Edward G. Budd Mfg. 
— and Budd Wheel Co., Philadelphia, 

a. 


New York 


The December meeting of the New 
York Section was held on Dec. 16. 
Mr. F. C. Fyke of the Standard Oil 
Co. of New Jersey presented a paper 
covering their practice in welding 
pipe lines, refinery’ and tank work. 
A large number of slides were shown. 
The paper was discussed by a num- 
of prominent experts in the oil 

eld. 
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EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the BULLETIN. 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements wil! not be repeated except upon request received after 
an interval of three months; during this period, names and records will re- 
main in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the number Indi- 
cated in Each Case and Mailed to Society Headquarters. 


Positions Vacant 


V-18. Acetylene welder wanted in Philadelphia, experienced in all metals. 
Full particulars first letter, hourly rate and names of employers for past three 
years. Electric welding knowledge helpful but not essential. Expenses 
refunded if competent after three months. 


V-19. Electric welder wanted in Philadelphia with cast iron experience. Ful! 
particulars first letter, hourly rate and names of employers for past three 
years. Acetylene welding knowledge helpful but not essential. Expenses 
refunded if competent after three months. 


V-20. Wanted. Acetylene welder with experience in electric welding to take 
charge of production shop. Give full particulars of past experience and pres- 
ent employment in first letter. All information will be treated confidentially. 


V-21. Twelve good welders needed for pipe line welding. Will pay $250 U. S. 
currency per month and living expenses in camps in the oil fields of Tampico, 
Mexico, and will refund railroad fares to any welder after four months. 


Services Available 


A-28. Demonstrator and Salesman available. Regular go-getter with 8 years’ 
practicai experience on oxy-acetylene torch and regulator repairs, etc. Am 27 
years of age, married and can furnish first-class references from several of 
the leading equipment firms of the U. 8S. A. Desire opportunity where hard 
work and good results are appreciated. Southern states preferred. 


A-29. Experienced welding supervisor desires position. Have had 14 years’ 
experience with electric arc welding; 3 years in production work in car shop, 
both coach and freight; 3 years heavy repair welding, 3 years demonstrating 
and selling welding equipment, 1 year soliciting, estimating, directing and in- 
specting repair welding and 4 years in my present occupation in charge of 
welding. Desire position with railroad shop as assistant to Master Mechanic 
in charge of welding or with manufacturing concern as efficiency man to reduce 
manufacturing cost by welding, or with a welding firm selling, demonstrating 
and installing welding equipment or welding supplies. Can furnish references. 
Have no objection to travel. 


A-30. Expert supervisor desires connection. Have had 9 years’ experience; 
4 with oxy-acetylene welding in railroad and jobbing shops and 5 in electric 
welding. Have supervised welding on some of the Tetanat pipe lines in the 
U. S. Have made a special study of electric welding of cast iron. Am now 
employed as supervisor and instructor for a large company. 
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Discussion of Papers Presented at Fall Meeting 
of American Welding Society, Cleveland. 


October, 1924 


(Papers published in the October and November, 1924, issues, Journal 
American Welding Society) 
Discussion Paper “Use of Electric Arc for Welding Struc- 
tural Steel” by R. B. Kinkead, Engineer, Arc Welding, Lin- 
coln Electric Company. 


W. Spraragen (American Bureau of Welding): In this test on 
rubber Mr. Kinkead speaks of, were the rivets made of rubber, too? 

R. Kinkead: Yes, sir. 

F. E. Rogers (Air Reduction sales): 1 would like to ask Mr. 
Kinkead if the results of his experiments threw any light on de- 
sirable modifications in our conventional steel members for weld- 
ing? 

R. Kinkead: Mr. Chairman, the purpose of our experiments 
with rubber sections was quite different from that. We were try- 
ing to get a fundamental physical conception of what goes on in a 
riveted joint. We found our own physical conception was dis- 
tinctly lacking in that direction. The subject of modification of the 
standard steel sections to meet the requirements of welding is one 
which will require a great deal of study. It is a separate ques- 
tion. Most of our sections have been designed primarily for the 
riveting process. For instance, in the use of angles, as a rule, only 
one leg of the angle works and the other is merely a place to drive 
rivets. 

T. Wry (General Electric Company): What is the maximum 
elongation you have been able to get in the welded joint? 

Mr. Kinkead: The most I have ever seen is 18 to 20 per cent 
and that was obtained with the English slag covered welding elec- 
trode. 


Discussion of paper on “Oxy-Acetylene Welding and Cutting 
in Structural Field.” G. O. Carter, Consulting Engineer, 
Linde Air Products Company. 


L. H. Burkhart: I'd like to ask Mr. Carter for a little more de- 
tail of how he alloys the flux in making those welded joints with 
bronze? 

Mr. Carter: For the bronze filler we use a flux which might be 
called abrazo flux which has been used for a long time in the welc- 
ing of cast iron with the bronze filler. That is a process of many 
years’ standing. The welder simply heats the end of his filler rod, 
dips it in the flux, then applies the flux to the steel where he wants 
to make the weld. He has to bring it to the proper temperature. 
As a rule, the temperature is brought to a visible red before he 
touches the flux to the material. If the flux spreads he has reached 
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the right temperature. If the flux simply lies as a powder he 
hasn’t as yet reached the right temperature and he simply waits 
until he has the temperature, which is only a matter of a second or 
two. Then as soon as the flux has spread the bronze itself will 
melt down and you will find that the part is tinned where the tem- 
perature has been right and in the bronze welding that is a con- 
stant temperature. Simply play the torch an inch or two ahead, 
then come back and fill in. 

I may say there are developments being worked out which are 
very logical in that we can get away from the fluxing by having 
material prepared at the mills by either having a machine surface 
which will then be just dipped in the molten bronze and will be 
tinned instantaneously. That is the way of making brazed tanks 
nowadays. On the other hand, the plates may require a little pick- 
ling, in which case they will be dipped in the pickle and then carried 
right over and dipped in the bronze. It can be made so when the 
material gets to the field all a man will have to have will be his 
bronze filler rod. This bronze will melt almost like pouring water. 
To stand and watch the speed with which it is applied is very in- 
teresting and impressing. 

W. Warner (General Electric Company, Schenectady): Mr. 
Carter made a statement about tubular structural forms. I would 
like to ask what information and test data he has on that. If he 
hasn’t it what kind will be needed to design a structure or bridge 
made completely of these tubular forms? If he has that informa- 
tion, couldn’t he design a small truss with appropriate discussion 
for printing in the journal so we can have a chance to compare the 
two? I think it would be very interesting information. 

Mr. Carter: I agree with Mr. Warner. I think this is one of 
those things we can undertake. It is part of our activity. Many 
trusses have been designed, not for bridges but for buildings. The 
Prairie pipeline, for instance, has been using that form of construc- 
tion for the pumping stations and the warehouses. I will show 
two or three typical slides which show quite an extensive ware- 
house made of tubular construction. The strength of tubes can 
be readily obtained from the National Tube book of standards. 

I really feel that this is the place where things of this kind have 
to be threshed out. There may be a question of the oxy-acetylene 
versus electric. Nevertheless, there are certain costs, certain quali- 
ties that can be matched one against the other so we feel the Weld- 
ing Society as an organization can and must be back of this thing 
before the engineers of the country are going to be back of it. 
People like the Foundation Company, J. G. White, and numerous 
other companies, are watching the possibilities of this development 
with very keen interest. Their operating executives are begin- 
ning to believe in it so it is only a matter of time to bring this ex- 
tension about if we formulate our own ideas and get busy. 


Yesterday I was very much impressed with two things. I was 
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impressed in the visit to the Collingswood shops, that there was an 
apparent distrust of welding and the very small amount that was 
being done there. Many people who are responsible for main- 
tenance and repair work are afraid if the welding goes bad they 
are going to be severely condemned for it. Therefore they don’t 
weld. 

The second thing I saw yesterday was at the Lincoln plant, 
where the Lincoln people are studying ways to use the welding 
process. We ourselves have been trying to do that for several 
years. 

About three years ago we had one welder at our head machine 
shop in Buffalo. We weren’t sure that we could keep two men 
busy, so as a matter of policy we thought we would take on a man. 
If we couldn’t keep him busy he wouldn’t be much worse off than be- 
fore he answered our ad, We then added a second welder, and it 
wasn’t long before the first fellow was foreman and had six or 
seven men working for him. Last winter that welding crew was 
kept busy fabricating pipings in the Linde plant. We set meters 
on a lot of equipment tanks and things of that kind and generators 
and piping that goes in the Prest-O-Lite plants. We average the 
construction of about one small manufacturing plant a month, and 
we were using in our own organization from 23 to 28 welders 
fabricating that material where we had been in doubt as to whether 
there was enough welding there for one. 

We had to go back into the design—back into our drawing: office 
and started them studying and answering the question, “Can this 
joint be welded?” “If it can be, then why isn’t it being welded?” 
That is how we built up that organization and the operating fel- 
lows of the plant are just tickled to death with it. The men in all 
of these plants have a minimum of trouble where we have the 
welded construction and we have had no serious failures. 

The Lincoln visit impressed me because it was exactly along the 
lines of what our own people have been doing for three or four 
years, and I think that is one way we can all of us boost welding. 
If we haven’t faith in our own product, who will have? 

A. G. Oehler (Railway Age): Can you tell us, Mr. Carter, some- 
thing about the relative cost of bronze welding as compared with 
steel? 

Mr. Carter: Bronze welding is half of the cost of steel welding. 
The bronze is applied so much faster it cuts your labor charge way 
down, and the other charges come down somewhat. The total 
cost in the ratio is about 85 to 150. It wasn’t quite half—85 for 
bronze and 150 for steel. 

A. G. Bissell (Westinghouse Electric & Mfg. Co.): Can you tell 
us approximately what the composition of that bronze is? We 
are interested in composition, as we are running tests on arc weld- 
ing of bronze. 

Mr. Carter: The bronze we have been using is Tobin and it 
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works quite satisfactorily in some places. We are working on 
bronze fillers. We have every reason to believe that there are sev- 
eral compositions that are better than Tobin. It is a little prema- 
ture to give any composition and they are not on the market as 
yet, but we are doing a good deal of research to get the right mate- 
rials. 

Mr. Lincoln (Lincoln Electric Co.): The biggest thing and 
the next step in this matter of welding structural steel, is getting 
some information we can give to engineers. Suppose we have got 
a column over here with a million pounds of stress on it. How 
much welding have I got to put in to take care of those million 
pounds? Mr. Carter, have you ever made any tests? Can we tell 
them if they take a %%-in. plate how much they will have to weld it 
to get the proper strength? 

Mr. Carter: We believe in butt welding. We believe it has 
been demonstrated to be the best. I think that applies to electric 
as_ well as gas. 

Mr. Lincoln: We have got it down to a practical proposition. 
You have a column and one very definite proposition comes up. 
This man said he had a column 20 ft. apart and wanted 25 ft. on 
the first floor of the building for the entrance. He has to transfer 
that million pounds over about 4 ft. He is going to put a bracket 
up there. 

Mr. Carter: If he brought me a problem to that effect I’d sit 
down and do some calculating. I probably would tell him, “I don’t 
believe in that design.” I wouldn’t want to be responsible for that 
design. 

Mr. Lincoln: Don’t you think the first thing to be done would 
be to start welding on the buildings as they are made now? 

Mr. Carter: No, because we are already doing a great deal of 
welding tubular construction. I think that is going to be carried 
forward because it will save them a great amount of steel by the 
use of tubular construction, a saving in tonnage. There is every 
reason why they should study design. Five years ago we took hold 
of this problem of welded pipe. There was a great deal of welded 
pipe in the country that was giving excellent results, but very few 
relatively were using welded pipe. This summer we finished 
welding 215 miles of pipeline in Texas, of 14, 16 and 18 in. in 
diameter. The minimum test on the 18-in. pipe per square inch was 
550 lb. pressure and we had upward of 200 welders working at the 
peak. Now that was the result of what we believe was the correct 
way of doing that work. We didn’t take any old design. We started 
building on what was correct from a welding point of view. Then 
there was a big question, “Can you do these jobs fast enough?” 
Frankly, that is one of the things that is disturbing construction 
engineers. Now they can throw a big crew of iron workers in on 
the job and it goes right on up. Every day we stand and watch 
these structures climb. 
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The managements of these big construction companies are afraid 
they can’t get enough welders. We had that job to contend with 
there in Texas. We employed welders with experience and we made 
welders out of men who were in the refinery and wanted to earn 
welder’s wages and were willing to go in and train for it. Inci- 
dentally, they knew that east Texas country, which is beastly coun- 
try to work in. We were glad to get some fellows like that in the 
gangs. We also took high school boys who wanted to go out and 
work for the summer. One youngster they called Peewee went 
through the whole summer without a single defective weld until the 
very end of the work when the foreman of the gang insisted on the 
welders working when they said conditions weren’t right. The 
welders were correct in stating that conditions weren’t right. The 
youngster fell down and made his first defective weld. 

From the gas end we are getting a return from the sale of the 
gas that warrants us in giving the service, and it is my belief that 
that is the only way that some of these things have been brought 
about in the last three to five years. 

Now, if you can tell any one, Mr. Lincoln, how to go out and put 
up a building and handle the selection and training of 50 or 100 
welders you are doing a lot better than I have found I can do. There 
is only one way I know of and that is to get out and put the harness 
on and work right with them. That is what we are doing in the 
oxy-acetylene industry—going out and standing right behind them, 
exactly like our boys here in Cleveland are standing by the Illumi- 
nating company on this job they are doing. 

W. J. Meadowcroft (chairman, Philadelphia Section): I feel 
that we have a real problem on our hands in connection with 
welding structural iron. Mr. Lincoln has brought out the point 
which was brought out very plainly during the war in regard to 
welding ships. 

I suggested to a general manager of a ship building company that 
they change the design of the ship, the same as in the plant in 
which I am working did in order to construct a body so it could be 
welded.“ The general manager was perfectly satisfied they 
were making money and paying dividends with the present con- 
struction and he didn’t seem to be at all interested in welding at 
that time. I asked him if he didn’t expect some day to have com- 
petition. 

He said: “When competition comes, we will meet it.” 

It seems to me that in the structural iron game there are many 
millions involved, and I’d like to make a suggestion regarding the 
start of welding on a large scale on structural iron, and that is 
this: Can’t we start on various sections of the building to design 
and construct those particular parts so that various methods of 
welding can be applied and then work on the balance of the struc- 
ture? 


It means such a great departure to simply start an entire build- 
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ing, where many, many millions of dollars are involved, and sim- 
ply tell the contractor, architect, etc., they must change the entire 
construction. 

W. Spraragen (American Bureau of Welding): I agree 
with the gentleman who said we ought to have data. I don’t care 
whether Mr. Carter goes out to Texas and does the job. Unless 
he takes down accurate data, cost figures, knows how it is done, he 
will have to do the same thing over again when it is done out in 
Oklahoma, say. Another thing, Mr. Carter says to design struc- 
tures for welding, etc. How is he going to do that? He certainly 
must have some test figures or else he might call for pipe sections 
that are twice as large as they ought to be, and the cost may be one 
and a half times as much as it should be. 

I think structures should be designed for welding. I think it is 
absolutely necessary to have test data; record every job we put up 
and every test we make—record them so it is available to every- 
body. A closed door always keeps out more than it keeps in. 

Mr. Carter: All you have to do is to go to the National Tube 
book of standards to find out the strength of a member, and every 
engineer building a building designs accordingly, and therefore 
you make your design according to the proper balance of your 
metal that is going to go into your structure. I can make joints in 
this tubular section that are up to the full strength of the material. 
What more can be asked? If you can make joints up to the full 
strength of the material it is a question of design of the structure 
itself. 

Mr. Spraragen: I’d like to ask Mr. Carter if he can definitely 
say that in vibration the section will have full strength of material? 

Mr. Carter: Absolutely. You can use high quality filler rod, 
such as nickel steel filler, that are stronger than the base metal, and 
the result of that is that the stresses are all in the base metal itself 
and you can depend on the weld up to 100 per cent. 

We have got one test going today. It is the biggest fatigue test 
ever made anywhere. We have a rotary lime kiln 125 ft. long 
with three reversals in stress. It is turning over once every 2 min. 
and has been in continual operation since the 7th of last December. 
It was welded according to correct practice, double V welding, 
nickel steel rod, with no sign of check showing. The stresses there 
are up around 18,000 or 20,000 Ib., which is pretty high, everything 
considered. 

The only way the riveting fellows have been able to make those 
kilns stand up was to use double bolt construction with three rivets 
on each side. As I say, these are giving excellent results. 

I heard a rather interesting thing about two weeks ago about 
that kiln, and that was that it was so much easier to line it with 
fire brick and make a good solid tube of fire brick, so that the turn- 
out was about 15 per cent more products than the other two kilns 
which are right by the side of it and being fed the same way. 
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Also, the welded construction has gotten away from a lot of 
radiating surface on butt straps and rivets. All told, that kiln, 
although it cost $5,000 more than the kiln right by the side of it, is 
more economical. Of course, it was the first one that was made. 

Mr. Spraragen: Would you be able now, without any further 
tests, to design a four-story building by pipe sections? 

Mr. Carter: Not only I couldn’t but I wouldn’t want to do it. 
We are working on smaller buildings. We are working out tests 
on trusses and things of that kind, which are a part of the work. 
It is possible that a four-story building might be in line in the next 
year or two, but I believe in starting on those things we know we 
can reach. 

Now our own company is putting up buildings here and there 
and we are working right at the present time on the design of a 
tubular building for our Prest-O-Lite plant. The plant we build 
next year will probably be built along the lines I am talking. As 
soon as we get those designs in and all checked through we will 
have a much bigger floor space which will probably be of tubular 
construction. 

Mr. Finn (Bethlehem Steel Company): Mr. Carter recommends 
the use of tubular sections for reason of saving weight. Isn’t it a 
fact that savings in that way would be offset by the additional 
cost? 

Mr. Carter: That is a matter I believe for the steel maker 
rather than the designer. I don’t really believe the tubular con- 
struction is more expensive than these fabricated special shapes 
that are made up with several bars and webs and things of that 
kind that are being used now for columns. 

Mr. Burkhart: I wish to take issue with Mr. Carter that it is 
necessary to go to tubular sections in order to fabricate a building. 
I think that faster progress will be achieved by using our angle 
sections, our T’s and channels and beam sections as they are now 
made. It is possible to make welded joints with these sections 
with full strength of the members. For instance, if you are going 
to use an angle as a member or as a strut it is possible to attach 
both legs of that angle to the member that it is to be fastened to and 
that can be done with attaching one leg itself and by an angle clip 
to the other leg and all welded together. There shouldn’t be any 
question about the amount of welding to be done in order to make 
that member carry the full value. We know that the welded ma- 
terial is harder than the parent material, and if it is harder it has 
greater value in shear than the other metal. Therefore, you can 
figure the shear and put in enough welded metal to take care of it. 

If we follow along that line of using structural material as we 
find it today, we are going to accomplish more in a shorter time 
than just to design buildings of pipes when pipes are not ample to 
use for the construction of the beams, and cannot be used for 4 
great many other members in a building. 
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President Ewertz: This paper is productive of a great deal of 
discussion, but unfortunately the time we have at our disposal is 
not sufficient to permit us to go on much farther. There are quite 
a number of different phases to this question that an outsider ob- 
serves from a discussion of this kind. You are going to have many 
designers of buildings buy many different forms of material, be- 
cause you have many different minds working on it. To substitute 
welding of any kind for riveting is fundamentally wrong and should 
not be advocated by any welder, even though it may seem revolu- 
tionary. It is a fact that if you put it up to the engineer himself 
to devise the way of construction for proper application of welding 
he will consider that an achievement and take part in it on that 
account. 

I tell you this because I happened to be up in Bethlehem some 
two or three years ago and talked welding to our drafting depart- 
ment and I just talked fundamentals. When I got through I had 
more questions asked me, why you could do this and that and the 
other thing, and it was surprising to me to see how quickly the 
minds of those engineers were able to apply the fundamentals to 
the work they were doing. 

Ship construction was mentioned here. The first iron ship built 


was built of plates and plate iron. There was no such thing as_ 


angles, T bars, V bars or anything of that kind. The steel people 
hadn’t learned how to do it. There was no welding possible, so 
they bent some straps of flat iron like a U strap off the flat iron 
that was set on edge on the plate iron and they riveted two legs of 
the strap to the shell plate and in that way produced the flat bar 
reinforcement on edge against the plate. 

Now all you have to do is to go back far enough to get to the 
fundamental idea of what you are trying to do, then start from 
there and design for your welding. And when a man comes to you 
and says, “I have a building all designed for riveting, will you 
weld it for me?” I would say, “No, sir, I will not because it is 
wrong.” 


Discussion “Welding as a Method of Fabricating Large 
Structures,” by H. Goldmark (Consulting Engineer), W. 
Spraragen (Secretary, American Bureau of Welding), and 
W. L. Warner (Industrial Engineering Department, General 
Electric Company). 


H. L. Whittemore (Bureau of Standards): This matter of weld- 
ing research—we have done a little of it, and they tell us that parts 
of steel structures are going to be welded hereafter, really going 
to be made into one piece, not hitched together with rivets. Of 
course, rivets were all right for our fathers and grandfathers be- 
cause they didn’t have anything better, but we have got something 
better now, and that is welding. 

Of course, you can get a welded truss that is just as good as a 
riveted truss with a good deal less waste. When they design your 
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joint so you get 100 per cent efficiency, I think it is evident you 
can make a good deal smaller section than you could for a riveted 
job, and when the designers really get their hands in it looks to me 
as if they are going to make continuous beams throughout the 
structure. I think it is perfectly evident you can save a lot of 
material if you can carry heavy bending movements over the 
columns. I hope lots of things will be welded in the future. If 
the fellows here get together and pull together, just weld them- 
selves on the job, I am pretty sure you can get over 95 per cent 
efficiency. 

We tested some tanks, and the efficiency was a good deal more 
than that, and it is quite evident if you could get 95 per cent effi- 
ciency on all the jobs that really could be welded, there would be 
a big demand for electricity and gas, and lots of fellows living in 
the world during working hours, at least, would be looking through 
blue goggles. 

When you get these pieces welded, you are not going to have 
any pieces falling off, not going to have any rattling. That, I 
understand, is the chief objection to sheet metal carry-alls they 
put together up here in Detroit. They start in on the shop work 
and get the pieces out for welding jobs, and it is pretty easy. Of 
course, I never did it, but it looks easy. If you can get them 
in the right positions, welding will freeze them that way forever. 
You don’t need to worry about it. 


Somebody said, “How are you going to do all that welding on 
lots of things?” Well, I don’t know. I think there are lots of other 
fellows that don’t know, but it is worth while to find out how to 
do it if it can be done. Lots of work has been successfully done, 
but I don’t believe the structural work for any building like the 
Woolworth was ever put together all by welding, and you can’t 
expect the welding shops to work it all out cut and try. There 
are too many involved problems. There are lots of metallurgical 
problems that enter in welding, and I think we ought to know a 
good deal more about them. 


All this means industrial research, which lots of people say 
should be avoided at any cost. Satisfactory investigation of weld- 
ing is going to be expensive, going to take a lot of time, a lot of 
hard work, but it is the only way to solve the problems and do the 
thing properly. 

In commercial success, as I understand it, the large profits can 
only be made in one of two ways. One is by using improved 
methods; the other by exploiting labor and raw materials. It is 
perfectly evident the first method is the only way you can go at 
this job. 

Industrial research involves risk ; however, in this particular case, 
we are perfectly justified in taking the risk and finding out. | 
might quote the case of the Queen of Spain. How did she know 
Columbus was going to discover a new world? She didn’t know. 
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If you want to ask a fellow who has tried industrial research, 
why don’t you ask J. J. Carty, vice-president of the American 
Telephone & Telegraph Company, and head of their research de- 
partment which employs 600 engineers and scientists, and costs 
them $8,000,000 a year? You say that is a lot of money. Maybe 
it is, but Mr. Carty insists in his recent talks, as you may have 
read, that he not only made a lot of money for his company, but 
makes it for all the rest of us. He estimated that if he took just 
ten of the improvements that were worked out in the laboratory 
between 1900 and 1920, if the jobs could have been done at all, 
the cost would have been $500,000,000 more than the actual cost. 
That comes back to the people that are using telephones. He points 
out that none of the foreign countries have a telephone system that 
can hold a candle to ours. Perhaps you have tried to telephone in 
Germany or some other places in Europe. You might as well go 
over and talk to your party in the first place. The reason Germany 
has such a system, he points out, is that they have very insignifi- 
cant research departments. Maybe it is because they are under 
Government control. 


The quickest and surest way to lower the cost of steel con- 
struction is to weld it, and the quickest and safest way to weld it 
is to find out just how it ought to be done in the laboratory before 
you do it outside. That will prevent bad welds getting out into 
service. I think you can depend on Dr. G. K. Burgess, Director 
of the Bureau of Standards, to help out any way he can. We are 
always interested in problems of this kind, and if we get the 
welded structures and lower the cost of construction, we have 
done our share toward lowering the cost of living, making this 
world a better place to live in. 

L. H. Miller (Sec. Am. Inst. of Steel Construction) : I think prob- 
ably before you start in in the welding business in the structural 
steel industry you ought to have some kind of an idea of how big a 
field you have got. At the present time there are approximately 
3,000,000 tons of structural steel used in the United States and 
Canada every year. That doesn’t include tanks and agricultural 
instruments, ships, and things of that sort. It is steel used under 
stresses. 

Every ton of that structural steel has an average of approxi- 
mately 150 rivets, and they cost somewhere between 10 and 20 cents 
each, depending on whether you drive them in the shop or in the 
field. That includes the entire cost. 

Now, as far as the engineer being satisfied with the weld is 
concerned—the engineer does know what a rivet will do; he knows 
positively what a rivet will do. We know, and we want you to help 
us show the engineer how a weld can be substituted for a rivet 
satisfactorily. He has got a lot of mental resistance to overcome, 
and he is justified in it. Every rivet that we drive is under sus- 
picion, and as far as I know there has never been a rivet that failed. 
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We don’t know all there is to know about the welding business; we 
do know something about the structural steel business. We do 
know that among other things, that in using your tubular sections 
in a building of this kind, to obtain increased strength of material 
you don’t get anything but the ordinary built-up column that will 
carry a building of this kind, which has exactly the same strength, 
as if it is built up out of angles, or plates, or rolls. The stresses 
are known, and we know exactly in what direction they act, and 
how they are distributed from one place to another. We can take 
plates and angle girders and determine how many rivetings have 
to go between the web and the flange to develop increased strength 
between the web and flange. If you can show us how we can per- 
suade the engineer to accept a weld for those things, we want to 
know it. We want to reduce our costs. 

The work that has been presented so far has been dealing largely 
with welds not under stress. Our business is dealing with structural 
steel under stress, and we have to know exactly what every rivet 
carries in shear, how much it carries in bearing, and if it is long 
we know how much it will stand in bending. We know exactly 
what the rivet will do, whether you believe it or not; at least we 
think we do. 

The weld can be made, is being made, and if you start it, say on 
the base plate of the columns—supposing instead of starting in 
with these roof trusses there is a lot of work to be done in assem- 
bling the base of a column to the bearing plate. It-could be done 
properly and economically with a weld. We could save a lot of 
work in our field if you did it. I know there are places where 
columns are being welded to base plates, and it is being done suc- 
cessfully. The bearing value of steel is just about double what the 
compression value is; in fact, steel doesn’t have in its absolute 
literal sense a real compression value. It fails by shear. It will 
fail by transverse shear. Load a column on its axis and if it is 
mechanically straight and loaded concentrately it will fail by shear- 
ing across somewhere around 35 or 45 degrees, and then it begins to 
buckle at about that point. 

Now, the mental resistance of the engineer knows these things, 
and he knows you have got to satisfy all of the conditions that will 
develop them. When we drive a rivet, for instance, we know from 
tests that the contraction of the rivet after it is driven has de- 
veloped more friction between those plates than the rivet ever gets 
in shear. In the case of your welding, instead of pulling your 
plates together, you are not going to have any of that to work with 
you. We get enough friction right now between these rivets so 
that, before we reach the calculated stress in the rivet, it is all 
carried in friction. This can’t be developed at all with the weld; 
in fact, there may be.a possibility of your generating expansion. 

Now, in the matter of plate and angle girders, I believe that it 
should be possible to project a spot weld through a plate girder 
as a substitute for a rivet if you will develop equipment to do it, 
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but you have got to satisfy the inspector and the engineer that a 
weld exists. When he looks at a rivet he has absolute evidence of 
its being there. When he looks at a projected weld through the 
plate and angle girder, he has no evidence at all, and if we are to 
test every piece, every plate, and angle girder for railroad purposes, 
it is going to cost us more for equipment to test than it is to con- 
struct them. 

I know that the rims of automobiles are electric welded together, 
and the process of manufacturing expands the rim into its final 
dimensions, giving you a test by the process of manufacture. I 
know there are manufacturers that are riveting up steel joists that 
test every member before it goes out to destination. But when it 
comes to the big tonnage of structural steel you have got to have 
something besides a test, because even if you did test it the engineer 
would say some of your welds were carrying more than they ought 
to and the others were not doing anything. He has got to know 
each one is doing its part. He doesn’t believe in taking any chances. 

In my office not ten days ago I had a letter from an inspection 
bureau in the Northwest protesting against the use of a burning 
torch for any purpose. He said: “If we are going to permit the 
burning torch in the industry at all, irresponsible people will use 
it, and it ought to be eliminated.” Of course, he doesn’t consider 
the fact that the medical profession has absolutely refused to wipe 
-out narcotics because some people use them harmfully. I don’t 
know of anybody who contemplates a law to do away with automo- 
biles because there are irresponsible drivers. I don’t know of any- 
body that wants to do away with doors because somebody will 
leave them open and bump their heads. 

You have got more mental resistence to overcome to develop the 
use of the weld than you have in your actual practice. From what 
I have seen, you need more knowledge of what goes on in the 
stresses of a structure of a steel frame before you go very much 
farther with your development. The engineer knows more about 
what is going on in the form of stresses in the structure than you 
people do. We have analyzed these stresses, we know where they 
are; in fact, in some cases we have gone so far as to make photo- 
graphs of the stresses, and we know which way they are going. 

I don’t want you to misunderstand me. We are for anything that 
will reduce the cost of structural steel. The outstanding legs of 
those angles are not the only ones that work. The leg of an angle 
against the flange of a girder and leg against the web of a column 
are just as effective and just as active as the outstanding flange is in 
every case. You have got to conceive it. It does just as much work. 

I believe the human mind is just about the narrowest thing that 
has ever been invented. Tradition and prejudice operate in more 
contracted areas than anything I know of. I think you can see that 
right in the medical profession. The medical profession are abso- 
lutely intolerant of each other. They have divided themselves into 
certain schools, and the other fellows are all crooks, every one of 


“hes 
2 
. 
‘4 
| 
7 
“he 
" 
4 
q 
We 
“ 


18 JOURNAL OF THE A. W. S. [December 


them; they can prove it. And I can see that all the way through 
every scientific profession. It has got the same attitude toward 
things, and you must consider you have got to deal with that mental 
resistance, and it is more of an obstruction than your developing 
these other things, because we can show you how to figure these 
stresses if you will show us how to make the weld. 

If you can devise in your welding processes something in the 
form of a visible evidence so that the engineer or inspector can 
see it, you will get somewhere. Spot welding has got to be com- 
bined with your other work if you are going into the big structural 
work. If you are going into big work you have got to combine it, 
and if you can assemble three or four thicknesses of metal together, 
get them between your spot welding equipment and leave on the 
outside of that specimen something the inspector can see as evi- 
dence of a weld, you have answered his question. 

Now, in the process of heating an ordinary rivet with an electric 
heating equipment, the heat is developed, as I understand it, at the 
center of the rivet first, and at the end of it last, that is, the most 
heat is developed where the greatest resistance is, and if you could 
put on the outside of these plate girders two rivet heads and have 
those rivet heads of such a composition that they would not weld 
fast to the outside until all the inside parts had been welded, then 
the man has some evidence of a weld having been completed. It 
doesn’t necessarily have to be a rivet, it could be a small disk. I 
don’t know whether it would work or not; it may not work in 
that process, but that might be experimented with. The real 
point is, he has to see something or he won’t believe it. I don’t 
know whether I would or not. I don’t know whether you would 
if it weren’t for your job. 

I think the industries of the United States are spending some- 
thing in the neighborhood of $30,000,000 a year in research work, 
and I think we can accomplish an enormous amount if we will co- 
operate with each other, but when you go to the engineer to tell him 
how to make welds, be willing, and be prepared to tell him what 
your weld will do, and know what the stresses are you are going to 
tell him you can take care of. 

Mr. Spraragen: I wouldn’t have Mr. Miller believe that we 
know all about this work and that we are ready to pitch in and 
design structures. About three years ago Professor Adams, the 
Director of the American Bureau of Welding, Mr. Hobart, Mr. 
Ewertz, and some of the rest of us felt this was a wonderful field 
for welding, but we felt the time was not ripe for it, and we waited 
a year. It wasn’t time even then, although we made an effort to 
extend the use of welding for vessels, oil tanks, rail joints, and 


things like that with remarkable success. 


We now feel that we are just about ready to start in the struc- 
tural field, and that is why this program was arranged as it was. 
We are not ready to weld structural parts; we are ready to try 
to find out how to do it. The American Bureau of Welding, which 
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is the research department of the American Welding Society, and 
is also closely affiliated with the National Research Council, hopes 
within the next two years to undertake a $200,000 investigation 
to find out how to weld structures. We know we are never going 
to do it unless we are able to get the assistance of men like Mr. 
Miller, Mr. Edwards, of the American Bridge Company, and others. 
We think we know something about welding, but we don’t know 
anything about structural work, and we have got to have their help, 
have got to work with them in committees, got to fight with them, 
and in the end lay out a program for investigational work and 
tests that will answer the questions, and then we will know how 
to design simpler structures and build from that to the larger work. 

C. J. Holslag (Electric Are Cutting & Welding Co.): Mr. 
Chairman, we have a favorite test to try to convince small struc- 
tural men. We have them rivet two pieces together just as good 
as they can, and we run a weld down each side just as Mr. Warner’s 
diagram showed, and in every case upon pulling the rivets loosened. 
If that doesn’t show the weld holds the plates tighter together than 
the rivets, I’d like to have it pointed out. 

Mr. Miller: The Bureau of Standards made some eighty or 
ninety tests along that line, and the first drop of the beam in 
testing machines will show where friction is overcome and the 
rivet comes into its full action, and almost without exception that 
rivet doesn’t come into action as a rivet until after it has passed 
the calculated stresses. 

Mr. Candy (Westingouse Electric & Mfg. Co.): There is one 
point I want to raise. A little while ago in discussing the design 
of that particular truss, there was the question of shearing the 
necessary angles to just the exact length to make butt joints in- 
stead of lap joints. It just struck me that in forming up these 
members in the average shop, the way they are sheared off, the 
accuracy with which they are sheared will probably require an 
eighth of an inch or a quarter of an inch leeway, and in order to 
get the pieces sheared with sufficient accuracy, to have them fit in 
nicely with butt tacked joints for welding, it might increase the 
cost considerably over what it would be through using the lap 
method. Certainly, it would run up the cost considerably to cut 
away part of a leg of an angle and allow the other leg to extend 
over the joint member, if I got the idea correctly there. 

With reference to what Mr. Miller had to say about the use of 
welding and structural steel work, it struck me that so far, ap- 
parently, the whole effort has been to get a design that will replace 
the rivet, and according to statements rivets do not fail in struc- 
tural steel work at the present time. Therefore, the structure 
must fail at some other point, and why should we make our weld- 
ing designs based on what the rivet will do when it isn’t the rivet 
that is failing? 

The question of being able to give the operator some indicating 
button or something in the weld which will show to him when he 
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has a real weld; in the case of spot welding, for example, putting 
a button on the outside, or whatever it may be, I couldn’t help 
but think of a great many cases where the rivet holes do not line 
up, and it is necessary to use a drift pin and ream out the hole. 
In that case the rivet is driven up, and it is desirable, as I under- 
stand it, to have the rivet fill the hole. I don’t know what sort of 
device the riveter has to tell when the hole is filled, but it might 
possibly be adopted in welding to show when the welding fills it. 

With reference to the gentleman out West who doesn’t want to 
permit the use of a cutting torch on the premises, the thought came 
to me that is almost a hopeless case. I think some of us ought to 
get acquainted with his son, if he has one, and work on him for the 
coming generation. 

President Ewertz: I just want to throw in a suggestion. Mr. 
Miller states rivets never fail. That isn’t quite true. I know cases 
where rivets have failed; but don’t forget a structural engineer 
allows a margin of safety from 4 to 6 in all his work the same as 
every engineer does in his work. If that wasn’t true we’d have 
an awful lot of failures in all lines of activity. But if you have a 
piece of metal good for 40,000 and only put 10,000 pounds on it, 
it naturally will hold up. In designing machinery when we put 
stresses on a 60,000 member down to 6,000, you certainly are allow- 
ing all kinds of margin of safety to protect the general public. . If 
the design of welding is as strong as the riveted joint with the 
same strength, you have got a margin of safety of at least 4. In 
an automobile you have a margin of safety of about 2; in an aero- 
plane you have damn little margin of safety, and the consequences 
of these different degrees of safety are evident by what happened 
to our different machinery in use. 

Mr. J. Edwards (American Bridge Co.) : I came here on an invi- 
tation in hopes of learning something about welding; I have learned 
more or less, but the main thing that I have been impressed with 
is the optimism of the people who are advocating welding. I think 
that is what you all need in order to put this process across. I am 
very glad to see that you have it. 

But, on the other hand, I noticed there is an awful lot you don’t 
know about structures themselves. I gathered this from the talk 
I have heard, and, as Mr. Spraragen has said, the way to arrive at 
what we are after is by cooperation. 


Some five years ago our people became interested in this subject. 
We tried to keep in touch and keep posted. We have done more or 
less investigating ; tests that were referred to in one of the papers 
were made by our people. We made numerous samples of the 
riveted members under different conditions as we thought they 
would exist. We also had similar members spot welded. 

I notice all the discussion so far has been on what we call strip 
welding, but naturally a man leans toward something that is very 
near the practice which he has been brought up with. We have 
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satisfied ourselves that you can make a spot weld that is as good 
or better than a rivet. 

Now, the problem we are considering, and what we are interested 
in, and you people have got to show us is, can you perform the whole 
process from the raw material to the finished structure as cheaply 
as we can do it under present systems? There is a saving in mate- 
rial; | want to bring that out, but you save material only in your 
tension member. There is no saving in the compression. 

It may be you won’t save so much even in tension as you think 
you are going to, but as the official representative of the American 
Bridge Company I want to tell you we are interested. That is the 
reason I came here. We are willing to cooperate with you. We 
want, if it is possible, to more economically build structures. We 
want to adopt that method. It will have to be slow, have to be tried 
out. We are “from Missouri,” we will have to be shown. 

I want to call Mr. Spraragen’s attention to one thing he has left 
out of his paper, and it is the most important, as far as we are 
concerned. He has left out the process of manufacture of the 
preparation of the material to be welded and erected. There is an 
awful lot of work to be done between those two items, and further 
on in his paper he has given us on page 54 “Needed Data.” There 
are five numbered items there, and if you will help us answer those 
five we will go a long ways with you toward solving your problem. 

President Ewertz: We appreciate that, Mr. Edwards. I can 
somewhat sympathize with you, though I am a very ardent believer 
in welding, because I used to be a ship builder and I have had 
difficulties similar with what you are dealing with. 

Our president wrote me a letter just before I came up here, say- 
ing, ““We are with you, Ewertz; we stand back of you, and we expect 
a lot from it.” Bethlehem is very much like the American Bridge 
Company, looking forward—to what’s new, what’s useful! 


Discussion of paper on “Use of Spot Welding in the Struc- 
tural Field” by H. A. Woofter, Electrical Engineer, Thomson 
Electric Welding Company. 


Mr. Wilson (Linde Air Products Co.): I’d like to ask Mr. 
Woofter if there is any special preparation made on the structural 
members at the spot where they are going to be spot welded to take 
care of any rust, slag, or impurities which might be on the surface 
which would undoubtedly enter into the weld, and what effect those 
impurities would have on it? 

Mr. Woofter: That is a point that is very well taken. Rust or 
oxide of iron is a very complete insulator, and by putting two rusty 
pieces together you will not get any weld at all. It is completely 
insulated, and current does not pass through. Paint, especially red 
lead, is a complete insulator for such low voltages as five of six or 
seven volts as is used in spot welding, and if there is any paint on 
the beam it should be removed before making the spot weld at 
that particular point. 
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As regards impurities in the metal, anything like galvanizing or 
something of that kind is volatilized and thrown out similar to the 
waves in the water when you drop a pebble in. 

R. D. Reed (General Electric Co.): I’d like to ask Mr. Woofter 
if it would be possible to spot weld three sections together? 

Mr. Woofter: That is extremely easy; in fact, it is easier to weld 
four pieces together than two or three. The reason is very ap- 
parent. You are heating at the spot, and you can do the same weld 
with a smaller machine, provided you have sufficient mechanical 
pressure. 

President Ewertz: I’d like to hear from Mr. Edwards on this 
paper. 

Mr. Edwards: I didn’t realize when I arose last time that we 
were to have this spot welding paper, or I would have deferred my 
remarks until then. There is very little I can add. I can answer 
the question, I think, probably more truthfully than Mr. Woofter 
did about the preparation of the material. That was something we 
were very much interested in, because it was a matter of cost. We 
were a little bit suspicious we’d have to pickle that material to 
remove the scale. Some of the material was taken from stock, and 
the balance of it came direct from the rolling mill. The material 
that came direct from the rolling mill, as far as I know, wasn’t 
touched. There were a few plates there that had been laying in 
stock and were rusty, and they, too, were used and a wire brush 
was run over them—no other preparation—to remove the oxide 
from the surface. The cost of that was practically nothing, pro- 
vided we got fresh material from the mill. 

There is one thing I neglected to say, and that is that structural 
engineers wis have given any study to this matter realize that the 
present structural shapes are not what they should be for the weld- 
ing process. Don’t think for a minute they are asleep on that sub- 
ject, but in order to get anywhere with your process you have got 
to creep before you run, and you have got to make use of the stand- 
ard commercial product of today, see what you can do with that 
and then as the process proves itself efficient and economical and 
worthy, new shapes will develop, new methods of detailing, the 
same as has been developed in all other lines of mechanical and 
commercial products. We are only traveling in a circle. 

Some years ago (I am not the youngest man in the crowd) I 
started detailing buildings and structures when we used to chase 
every fire in order to get a steel truss substituted for a wooden one. 
Naturally, steel trusses were built with their members running at 
the same angles and placed the same way as the wooden ones, and 
they had wooden members and wrought iron rods with cast iron 
washers. Even at that time the wrought iron trusses that were in 
existence, the earlier types that were put up in this country, were 
welded. I have seen a great many trusses on brick walls covering 
gas houses where they found out they’d have to have something 
which was fireproof and perhaps a little bit more lasting than the 
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old wooden material, and they were made out of square bars, not 
tubes, with welded joints, and Ihave seen them 61, in. apart welded 
to the top of the rafters. 

Maybe we are traveling around in a circle and we will get to 
complete welded structures within limits—I don’t expect we will 
ever build a bridge across the Hudson River with it, but we are 
going to build our smaller structures, to my mind, particularly 
where there is large duplication where you can make joints in the 
shop and hold your material while you weld it. It is doing to be 
done, and it is going to be done in the very near future, but as I 
pointed out, there is a wide gap that you have got to bridge until the 
structural men will use it between the time you cut your materials 
and run it out. It isn’t simple. The comparison of the cost of punch- 
ing holes and driving rivets interests the structural man with the 
comparison of making the spot weld or the strip weld, and also all 
the other things that have to be done in that space in order to fin- 
ish your product. 

Mr. Candy: Mr. Chairman, several years ago our company was 
approached by one of the concerns making spot welding apparatus 
and we had them make a number of tests for us using, as I recall, 
two %%-in. plates to be spot welded together. I took a number of 
those samples back to East Pittsburgh with me and we cut them 
through and had them polished. The specimens looked very fine, 
looked fine even before we polished them and after we polished 
them they looked even better. 

Upon dipping them in a 10 per cent solution of nitric acid we dis- 
covered the section through the spot where the current would pass 
through had a decided appearance of a cast structure with the lines 
of the crystals directly through the plates. 

I understood Mr. Woofter to say the spot welds are in the na- 
ture of forgings, and therefore, I’d like to know what was wrong 
when they did this work. 

Mr. Woofter: About five years ago we commenced a very rigid 
research along the above lines. We realized there was something 
wrong at that time with the spot weld. We also found the same 
thing you mentioned. On analysis it was found the old method 
of spot welding did not give sufficient mechanical pressure to force 
the molecules together and make a complete cohesion. That has 
been remedied in the newer types of machines by several manu- 
facturers, and now the metal just at the moment of plasticity is 
forced together; when the welds are cut and examined it usually 
shows a much deeper granular structure than the other part of the 
metal. 


e 
r 
d 

e 
r 

r 
e 
e 
0 
d 

h 
le 
‘Mags 
al 4 

i- 
ot 
d- 

at 
id 

1€ 
id 
I 

se 
e. 
at 
id 
on 

in 
re 
ng 
ng 
he 


Program of Second Phase of Investigations of 
Welded Rail Joint Committee 


Object: To improve present methods of making seam welded 
joints. 


investigation No. 1 


Object: To develop a joint plate and methods of welding which 
will give the maximum area of welded cross section in seams; par- 
ticularly top seams. 

General: In this investigation for the preliminary work it will 
not be necessary to make full size joint specimens as two kinds of 
values, namely area of soundly fused weld metal and shearing 
strength of the seams will be obtained as indicated below. Speci- 
mens will be made by welding up 12 in. sections of fish plates in a 
60 ft. Association Standard 7 in. girder rail. The distance between 
sections shall be at least 3 in. The length of a welded seam shall be 
10 in. (1 in. space being left at each end). Both top and bottom 
seams on head and lip side shall be welded. The welding shall be 
done in such a manner as to simulate track conditions, which means 
that the rail must rest on the floor and not be placed on a bench, as 
it is the object of this investigation to check the difficulties which 
the operator must encounter with a particular type of fish plate and 
method of welding. 

These test specimens shall be cut apart by an oxy-acetylene torch. 
Each section having a 12 in. fish plate welded by 10 in. seams shall 
be cut in half with a saw and an examination made of the face to 
indicate quality of welding. One half of the section shall be sheared 
by placing them in a compression machine and the force necessary 
to do this recorded. The other half shall be wedged off by means 
of a triangular wedge after a kerf has been made through the 
center of the fish plate by an oxy-acetylene torch. On the section 
that is wedged off a careful record shall be made of the cross sec- 
tional area of soundly fused metal. Three specimens shall be made 
of each variable. 

One wire shall be used throughout this investigation. Full size 
photos shall be made after deep etching of each specimen. 

Variables: Several selected types of fish plates shall be used. 
On each type there shall be employed the following methods: 

a. Hand feed with a 9/32 in. rod in one layer depositing 11, in. 

of rod per inch of seam. 

b. Hand feed with 9/32 in. rod depositing 3 in. of rod per inch 

of seam. 

c. Hand feed with 9/32 in. rod depositing weld in two layers 

using 114 in. of rod per inch for each layer. 

d. One 9/82 in. rod in position. 

e. One 9/32 in. rod in position and rewelded with another 9/32 

in. rod laid in position on top of first weld. 
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f. Repeat “e” using third rod. 

g. Metallic arc weld with 5/32 in. rod one layer same cross sec- 
tion as in “a.” 

h. Metallic arc weld with 5/32 in. rod one layer having same 
cross section as “b.” 

i. Metallic are weld with 5/32 in. rod metal deposited in two 
layers each having same cross section as “c.”’ 

j. Metallic are welding using 14 in. rod depositing same amount 
of metal as “b.” 

Note: The three best types of joints from the above test will be 
checked by full size specimens in tension and repeated impact (three 
each). These full size specimens shall be preheated before welding. 
No pressure shall be used in bringing rail heads together. Twenty- 
six inch joint plates shall be used for check tests. (Types of fish 
plates to be suggested by members of Committee.) 


Investigation No, 2 


Object: To test several kinds of welding wire—Roebling, Rail 
Welding and Bonding Co.’s No. 200, Armco and Bethlehem. (car- 
bon and metal arc). 

General: For each of the wires tested the following methods 
shall be used: 

1. Weld together two plates of 0.20 carbon each 9 x 16 x \-in. 
Plates should be double beveled to a total opening of 90 deg. each 
side and welding started with 1/8-in. opening at center at one end 
and 1/6th of an inch at the other end (usual allowance for con- 
traction during welding—1/8-in. per foot of seam). The metal 
is to be deposited in one layer each side and welding to be dune in 
flat position. In making the 2nd weld it should be started at end 
where welding was just finished and not started at the cold end. 
From each of these plates there wili be cut three tensile and three 
bend test specimens in accordance with American Bureau of Weld- 
ing Specifications Bulletin No. 1. 

2. Repeat above with plates preheated. 

3. Repeat (1) with plates having 0.75 carbon. 

4. Repeat (2) with plates having 0.75 carbon. 

Note: Check two best wires using full size specimens (pre- 
heated) with best joint plates and method of welding as developed 
by investigation No. 1. Three joints each shall be made for tensile 
and repeated impact tests. 


Investigation No, 3 


Object: To compare the value of preheating, postheating. 

General: Nine full size specimens (three each for drop, tensile 
and repeated impact) shall be made of each variable given below 
with best wire and joint plates developed by investigations 1 and 2. 

Variables: (1) Make nine specimens without preheating or 
annealing, (2) Repeat 1. preheated, (3) Repeat 1. postheated. 
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Note: Actually three specimens only have to be welded under 
Part 2 for drop tests, as the results of the check tests on full size 
specimens used in Investigation No. 2 can be used for repeated 
impact and tensile tests. 


Investigation No. 4 
Object: To test the value of base plates. (%%-in. plain plate 
9-in. wide). 
General: Six full size specimens shall be made of each variable 


below with best wire and joint plates developed by investigations 
1 and 2. 


Variables: 1. Base plates not preheated. 
2. Repeat (1) preheated. 


Investigation No. 5 
Object: To compare the merits of the different methods used 
in securing tight fit between rail heads. 


General: Six full size specimens shall be made of each type 
with best wire and joint plates developed by Investigations 1 and 2. 
All joints shall be preheated. 


Note: Types to be suggested by members of Committee. 
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Reclaiming Worn and Broken Parts 
of Machinery* 


T. T. COPELAND* 


When we speak of welding we mean to unite two sections of 
metals together, to be as strong in the weld, or if possible, stronger 
than the original section. The metals commercially used are steel, 
cast steel, cast iron, copper, brass, aluminum, etc. Of these metals, 
steel, cast steel and cast iron are most commonly used, hence the 
welding of these metals is of great importance. Before making any 
claims for welding let us ask ourselves a few questions pertaining 
to the maintenance and safety operation of the equipment we in- 
tend to use. 

It is an understood fact that oxygen and the different gases used 
are of a highly explosive nature, and it is of the greatest importance 
to know how they should be handled. 

Where you have a generator set in producing your acetylene gas, 
do you frequently wash out the generator and make a thorough 
inspection for corrosion and pitting, due to water and acid re- 
action? 

Do you examine the mechanism to see that it is working properly, 
that too much carbide will not discharge into the water, and create 
an over-supply of gas? 

Do you examine and test safety valves? 

Do you examine the pipes, manifolds and valve connections for 
leaks? 

Do you have a flash back between the generator and manifold in 
case of an explosion in the torch or hose which may travel back 
through the line into the generator? 

Do you make an inspection of the hose and connections for leaks? 

Do you have copper tags on end of hose next to regulator marked 
GAS—AIR to distinguish the difference between oxygen hose and 
acetylene hose, which will cause an explosion should you get them 
coupled up wrong? 

Do you test your regulators for leaks before using, and do you 
make the test each time you couple the regulator to a full tank? 

I believe the following is a good practice to follow: 

First: Open the main valve of the tank, to make sure that no 
dirt may have accumulated in the valve or opening, which would 
otherwise go into the regulator and finally into the torch. Then 
attach regulator to tank making sure that all tension is off of the 
diaphragm spring, by turning the adjusting screw to the left, dis- 
connect the hose from the regulator; slowly open the valve of the 
tank and if any air or gas, as the case may be, escapes from the 


*Presented at the Nov., 1924 meeting, Pittsburgh Section of the A. W. S 
+Road Foreman of Engines, Carnegie Steel Co. 
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hose connection of the regulator, it will indicate that the valve seat 
of the regulator is defective and should be repaired before being 
put into service. This test should be made each time the regulator 
is attached to a full tank of oxygen or acetylene. 

There is much less danger with the electric welding equipment 
other than protecting the eyes and body from the violet rays pro- 
duced by the arc. Thermit welding is practically safe but great 
care must be used to see that the crucible is thoroughly dry, and 
that no water should be near when making a weld, in case of an 
overflow of slag from the weld. 


Fig. 1.—Steel roll with wobler. end cast in foundry and Thermit weided to roll neck 


In recent years there has come to the front three general classi- 
fications of welding, the gas, thermit, and the electric arc (carbon 
and metallic arc) methods. 

Each has its own field, and should be used with discrimination to 
obtain the best results. 

I refer more particularly to the man by whom the weld is to be 
made. 

He should be able to advise the proper method to use in order to 
make the most economical and strongest weld for the service it has 
to perform, whether it be electric, acetylene or thermit. 

Too much emphasis cannot be placed on these facts. For illus- 
tration, if a camshaft used in heavy shear duty was worn a half- 
inch undersize on the cam, and it was necessary to bring it back to 
its original size, the welder would not recommend the acetylene or 
thermit process, for it can be readily seen that by the electric 
metallic are process it can be done more rapidly and cheaper, and, 
on the other hand, where a weld is to be made requiring 150 to 300 
Ib. of metal, you would not use the electric or acetylene gas 
method, but would advise using the thermit process. 

Again: You are confronted with a cast iron pressure cylinder 
that is cracked or possibly a flange broken, you would immediately 
say, all that is necessary is to pre-heat and use the acetylene method. 
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The point I want to make clear is, that the man who supervises 
the work, or the man who actually does the welding, must be able 
to say what method of welding should be used in order to obtain 
the most efficient weld which will give the service required. 

It is also important for the welder to have some knowledge of 
the different materials to be welded, as to what service they per- 
formed previous to being worn or broken, as the case may be. 

For example, in a broken gear wheel or other parts of machinery 
—was the fracture caused by accident, overload, improper design 
for use intended, defects in casting, or strain set up by improper 


Fig. 2.—Upper figure—Broken 35-in. mill roll. Lower figure—Same roll repaired by 
are welding 


annealing at foundry? If a cylinder, what pressure is it subject 
to? The welder operator who is alert will study these conditions 
before making the necessary weld. 


Different Grades of Welding Wire 


In order that we may determine a good grade of welding wire 
to obtain the best results, it is recognized that the most careful con- 
sideration must be given to physical as well as to chemical charac- 
teristics of the welding wire. 


Carbon 


The effect of carbon with respect to its influence upon the 
strength and ductility of natural cooled steel, and the average re- 
sults obtained by four eminent investigators show that for each 
0.1 per cent carbon added to steel up to 0.90 per cent, these proper- 
ties are affected approximately as follows: 

Yield point is raised 3987 lbs. per square inch. 

Maximum stress is raised 9363 lbs. per square inch. 

Elongation is reduced 4.33 per cent. 

Reduction of area is reduced 7.27 per cent. 
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Manganese 


It is a well-known fact that manganese adds somewhat to the 
tensile strength. This beneficial effect depends upon the carbon 
content as well as that of manganese. 

According to H. H. Campbell (published by McGraw-Hill Book 
Co.), the effect of manganese upon the tensile strength of steel, 
each increase of 0.01 per cent manganese above 0.30 or 0.40 per 


Fig. 3.—Right: Broken steel hammer cylinder. Weft: Cylinder repaired by weiding 


cent raises the tensile strength of steel with carbon content of 0.05 
to 0.40 carbon, from 110 to 250 lb. 


Nickel 


Nickel is used in steel for its beneficial effect upon the physical 
properties of the steel, for which purpose it is preeminently a 
strength-giving element. For each 1 per cent of nickel added above 
2 per cent and up to 4 per cent, an increase of approximately 6000 
Ib. in the tensile strength of this steel over the carbon steel is noted. 


Phosphorus and Sulphur are Impurities 


A report on Cast Iron of the Electric Arc. Gas and Thermit Weld- 
ing research committees of the American Bureau of Welding, on 
Silicon, Sulphur and Phosphorus reads as follows: 

Silicon reduces the solubility of carbon in molten iron. The most 
important effect of silicon from the standpoint of welding is that 
it increases the proportion of free, to combined carbon, thereby 
making the metal soft and machineble. While the presence of sili- 
con may not directly affect the welding of cast iron it is of great 
importance since its introduction in the weld has a strong, soften- 
ing influence. 

Silicon also helps to eliminate oxides, promote fluidity, and de- 
creases shrinkages and chilling effects. 

Sulphur exerts a very bad effect on cast iron and should be kept 
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at a minimum. It causes the carbon to be held in ‘the combined 
state. This increases the hardness and also the shrinkage, since 
carbon in the combined form occupies less bulk than graphite. 

Phosphorus lowers the melting point of cast iron and makes it 
hard, brittle and weak. The amount of phosphorus is usually kept 
as low as possible, except in castings having a very thin section. 
Where a fluid iron is necessary to insure filling all parts of the 
mold, a high phosphorus iron is used because of its fluidity, in spite 
of its weakness and brittleness. 


Fig. 4.—Lower figure: Copper twiers before welding. Upper figure: Castings repaired 
by welding 


If this be true, it is of great importance that the physical and 
chemical characteristics be given careful consideration. 

To determine the grade of wire for use in electric metallic arc 
welding where tensile strength is of importance, a test was made 
using 5/32 in. bare wire with the following analysis: Carbon, 0.36; 
manganese, 1.03; sulphur, 0.043; phosphorus, 0.016. 


Tests 


A piece of boiler-plate having a tensile strength of 55,000 to 
65,000 lb. per square inch was Veed on both sides and the edges 
separated 14 in. and welded to \% in. reinforcement. The plates 
were then cut into sections 4 in. x 2 in. x 24 in., with an approxi- 
mate area of 1.124 sq. in., having an ultimate strength ranging 
from 63,190 to 65,600 lb. per square inch, and 27.5 per cent to 31 
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per cent elongation in 4 inches. All reinforced tests broke outside 
of the welds. 
A similar test was made where all the test plates were machined 
to exact size, 4 in. x 2 in. x 24 in., giving an area of 1.008 sq. in., 
with an ultimate strength ranging from 60,910 to 61,800 lb. per 
square inch, and 13 per cent to 34.5 per cent elongation in 4 inches. 
Four of these tests broke outside cf the weld, and two broke in the 
weld, which was not properly fused along the side of the Vee. 


A bending test was then made. The reinforced piece was bent 
double, or 180 deg., and a fracture developed outside, and near the 
weld. The machined test piece fractured inside the edge of the 
weld and through the original metal at about 150 degrees. Out of 
a total of 18 tests made, three broke in the weld. 


A similar test was made using 5/32 in. flux coated wire with the 
following composition: Carbon, 0.08; manganese, 0.15; sulphur, 
0.036; phosphorus, 0.010. Out of the nine tests made on the re- 
inforced welds ranging in ultimate strength from 57,220 to 63,420 
Ib. per square inch, and with elongation of 4 per cent to 20 per cent 
in 4 inches, six broke in the weld, three broke outside of the weld. 
One showed no load in the testing machine. 

Out of a total of 18 tests made, 15 broke in the weld. 


None of these welds stood a bending test of any importance. 
Building Up Worn Parts 


In the matter of building up worn parts where machining is not 
necessary, some experiments were made using ferromanganese, 
known as 80 per cent manganese, which contains approximately 
80 per cent of manganese, 6 per cent carbon, 14 per cent iron and a 
trace of silicon. The ferromanganese was crushed to granular 
form and an acetylene weld, by building up, was made on cast iron. 
After the metal became fluid, using the ordinary filling rod, the 
ferromanganese was added by sprinkling over the surface of the 
weld, then puddling the metal with the filling rod to make it uni- 
form. Three drilling tests were made at different points, showing 
the following analysis: 


1. Carbon, 3.48; manganese, 1.90 
2. Carbon, 3.48; manganese, 2.40 
3. Carbon, 3.48; manganese, 2.10 


A similar test was made on steel, using the metallic arc process 
with 5/32 in. bare iron wire and 140 to 160 amp. The metal was 
cleaned and the ferromanganese was sprinkled in line where the 
metal was deposited and each layer of metal was put on as uniform 
as possible, the operator using a circular motion to avoid small 
craters in the welded metal. It was readily kept free from scale by 
using a stiff wire brush. 

This was repeated until sufficient metal was deposited. 
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Four drilling tests were made at different points to determine 
the composition, which is as follows: 


1. Carbon, .58; manganese, 5.60 
2. Carbon, .64; manganese, 6.10 
3. Carbon, .90; manganese, 9.10 
4. Carbon, .75; manganese, 7.60 


An actual service test was then made. It happened that on a 
large steel roll the bottom part of the pass was undersize and it was 
necessary to build up this pass to increase the diameter 14 in. The 
entire roll was kept warm during the progress by natural gas flame. 
Equal parts of 99 per cent nickel and ferromanganese were used in 
granular form. The method was used as described above and ex- 


Fig. 5.—Left: Pressure cylinder before SS. Right: Cylinder repaired by electric 
are welding 


ceptional care was taken as it meant considerable loss if the weld- 
ing was not done successfully. It was necessary to build up the 
pass the entire diameter of the roll, hence the analysis should be 
uniform. In order to accomplish this it was necessary to take 
drillings at equal points to determine the composition of the metal. 
This was done as each layer was deposited until the welding was 
completed, and the final analysis showed as follows: 


1. Carbon, 0.21; manganese, 1.33; nickel, 3.77 
2. Carbon, 0.12; manganese, 0.70; nickel, 3.21 
3. Carbon, 0.14; manganese, 0.98; nickel, 4.91 
4. Carbon, 0.14; manganese, 0.75; nickel, 3.77 


This composition proved very successful, although there was some 
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difficulty in machining, on account of hard spots, no doubt due to 
the high manganese. The roll was placed in service December, 1921, 
and no further trouble developed. This is no doubt convincing that 
the physical as well as the chemical characteristics of welding ma- 
terial forms a very important part in welding steel and iron. 


Pipe Welding 


We welded a 21-in. O. D. steam line to carry 150 lb. pressure 
having a total length of 1100 ft., with approximately 112 welds. 
The pipe was in 20-ft. sections and beveled on both ends. Two and 
three 20-ft. sections were lined up at a time in the shop with 4 in. 


of BENOS To Forrs Exransion BENO 


Fig. 6 


open between each joint, and then tacked at four equal points by 
two welders working opposite each other, after which the weld was 
completed. This method held the sections almost in perfect line 
and prevented warping, and was used during the entire welding. 
All welding of sections was done in the shop as far as possible, and 
then delivered to the field to be lined up, then welded. 

By first welding the pipes into 40-ft. and 60-ft. sections at the 
shop it helped to expedite the work, as a weld in the shop could be 
done much faster than could be done in the field, due to scaffold 
work and the handling of the welding equipment. Three expan- 
sion bends of 12 ft. 6 in. radius were used to take care of the expan- 
sion, equal to 4 in. per 100 ft. at 150 lb. steam pressure, or approxi- 
mately 15 in. for each expansion bend. 

This required approximately 112 welds, of which 74 were made 
in the shop and 39 were made in the field, consuming 159 tanks of 
oxygen, 143 tanks of acetylene and 1275 lb. of Norway iron, or an 
average of 

1.43 tanks of oxygen per weld 

1.28 tanks of acetylene per weld 

11.4 lb. of wire per weld. 
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Preparation for Welding 


It is necessary for successful work to prepare cracked or broken 
parts so they can be thoroughly welded. The angle of the Vee is 
very important and should be of such a degree as to be able to get 
proper fusion at the bottom. In steel plate welding such as used in 
fire boxes where it can only be Veed on one side I find it a very 
good practice to have a 1%-in. opening at the bottom. In fact, 
where the metal is to be welded from both sides it is the proper 
thing to do, as this allows the metal to go all the way through. 
This applies more to steel plates and cast steel. In cast iron the 
metal being more fluid makes it more difficult for the operator. 

While the Vee should be of sufficient angle to insure thorough 
fusing at the bottom, by allowing 3/16 in. to 4 in. shoulder at the 
bottom, it gives the operator a better opportunity to hold the metal 
and still have the weld extend through the base metal. 


Preheating and Annealing 


Preheating and annealing are of great importance when welding 
articles such as cast iron having no elongation, and where machin- 
ing is necessary. 

It is to be remembered that while the temperature of oxy- 
acetylene is very high, the quantity of heat delivered in a given 
time is small. It is out of the question to use oxy-acetylene flame 
for preheating as it is much more expensive than other methods, 
such as natural gas or charcoal. 

In general, the purpose of annealing may involve any one or all 
of the following aims: To soften the metal in order that it may 
meet certain physical requirements, or be more easily machined, 
and to relieve internal stress and strains induced by welding, or 
by non-uniform contraction in cooling. 

Finally : 

That welding by carbon or metallic arc, oxy-acetylene or 
thermit is no longer an experiment but a reality, and used exten- 
sively all over the country today, and when the operator becomes 
efficient in applying these different methods, the reclaiming of 
steel, cast steel, and cast iron will be a success. 
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CURRENT WELDING LITERATURE 


A Good Oxy-Acetylene Pipe Welding Job. The Canadian Manufacturer, 
Vol. 44, Nov., 1924, p. 20. 12-in. gas main 875 ft. long at Toronto was welded, 
thus eliminating flanges. 

Are Welder, Combined Spot or Butt, C. B. Waters, U. S. Pat. 1506698. Off. 
Gaz. (Any, 1924), Vol. 325, p. 920. 

Arc Welding Apparatus, Control System for Automatic, C. E. Glasser, 
U. S. Pat. 158699, Off. Gaz. (Sept. 10, 1924), Vol. 326, p. 600. 

Autogenous Welding of Monel Meta! by Oxy-Acetylene Process, Industrial 
Gases, Sept., 1924. 

Bridge That Was Repaired, Oxy-Acetylene Tips, Nov., 1924, pp. 57, 58. 
The part played by oxy-acetylene cutting and an idea for the structural 
engineer. 

Carbon Electrode Welding in Railroad Shops, Jua St. Cere, Welding 
Engineer, Vol. 19, Nov., 1924, p. 28. 

Consider Demolition, Oxy-Acetylene Tips, Nov., 1924, pp. 56, 57. How the 
cutting blowpipe aided a plant superintendent to clear away some old 
equipment. 

Copper to Steel Bond is Made With Tests, Proving Its Efficiency and 
Endurance, How, A., J. B. Austin, Coal Age, Sept. 4, 1924, Vol. 26, pp. 330-4. 

Costly Aluminum Casting Saved by Welding. Oxy-Acetylene Tips, Dec., 
1924, Vol. 3, pp. 71, 72 and 73. 

The Cutting Blowpipe Cheats the Drop-Ball. Oxy-Acetylene Tips, Dec., 
1924, Vol. 3, pp. 70, 71. 

Cutting Metals, Foreign Progress in, C. A. Beckett, Mech. Eng. (Oct., 
1924), Vol. 46, pp. 618-24. 

Electric Arc Welding, Western Machinery World, Nov., 1924, Vol. 15, pp. 
382, 383. Illustrating the possibilities of fabricating and reclaiming machine 
parts by the electric arc process of welding. 

Electric Tube Welding Machine, E. Schroder, Canad. Pat. 243115. Pat. 
Off. Rec. (Sept. 23, 1924), Vol. 52, p. 2136. 

Electric Welding, Electrische Schweissung, T. Kautny, Autog. Metall- 
bearb (July 15, 1924), Vol. 17, pp. 176-8. 

Electric Welding, British Insulated and Helsby Cables, Ltd., British Pat. 
217670. Ill. Off. Jnl. (Aug. 13, 1924), p. 3369. 

Electric Welding, J. F. Grail, U. S. Pat. 1503315, Off. Gaz. (July 29, 1924), 
Vol. 324, pp. 1162. 

Electric Welding Apparatus, British Insulated and Helsby Cables, British 
Pat. 217984. Ill. Off. Jnl. (Aug. 20, 1924), p. 3279. 

Electric Welding Apparatus, J. S. Smyser, Canad. Pat. 242786. Pat. Off. 
Rec. (Sept. 9, 1924), Vol. 52, p. 2025. 

Electric Welding Machine, F. G. Gale, Canad. Pat. 242569. Pat. Off. Rec. 
(Sept. 2, 1924), pp. 1955-6. 

Electric Welding Tool, L. A. McCarty, U. S. Pat. 1507788. Off. Gaz. 
(Sept., 1924), Vol. 326, p. 348 

Electrodes for Welding Machines, C. A. Halley and Rose St. Foundry and 
Engineering Co., Brit. Pat. 218554. Ill. Off. Jnl. (Aug. 27, 1924), p. 3676. 

First Aid to Farm Machinery, T. C. Fetherston, Welding Engineer, Vol. 
19, Nov., 1924, p. 29. 

Gas Welding of Aluminum, S. W. Miller, Industrial Gases, Sept., 1924. 

Helping the Pipe Welder, C. R. Price, Welding Engineer, Nov., 1924 Vol. 
19, PP 34, 36 and 38. 

igh Carbon Welding Material, C. A. McCune, Railway Purchases and 
Stores, Nov., 1924. 

Maintenance Rather Than Capital Account, Oxy-Acetylene Tips, Nov. 
1924, p. 35, 36. Use of the oxy-acetylene process permits alteration of old 
equipment, thus avoiding necessity of purchasing new. 
pe or Metal, Welding, Canadian Machinery (Sept. 18, 1924), Vol. 32, pp. 

Now It’s Bath Tubs, A. J. Bissell, Welding Eng., Vol. 19, p. 32, Nov., 1924, 
Electric Welding Used in Salvaging Cast Iron Casting in Porcelain and 
Enamel Ware Industry. 

One Hundred and Eighty Miles of 8-in. Oil Pipe Line Constructed in One 
age Ay Working Days. Acetylene Journal, Nov., 1924, Vol. 26, pp. 226, 227, 
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Ornamental Iron Work for the Movies, Oxy-Acetylene Tips, Nov., 1924, 
pp. 58, 59. Motion picture industry finds it economical and quicker to use the 
oxy-acetylene process in making property. 

Oxy-Acetylene Welding and Cutting for Students, Acetylene Journal, Nov., 
1924, Vol. 26, pp. 242, 244, 250. Adjusting the torch flame, importance of the 
neutral flame, flame characteristics, handling of the apparatus, butt welding 
16-gage steel plates, butt welding 14-gage steel plates with adding material. 

Oxy-Acetylene Welding, Fluxes and Slags in. C. Coulson-Smith, Metal 
Indu., London (Aug. 22, 1924), Vol. 25, pp. 170-1. 

Oxy-Acetylene Welding in the Process Equipment Field. Chem. and Metl. 
Engng. (Sept., 1924), Vol. 31, pp. 341-6. ‘ 

Oxy-Acetylene Welding for the Contractor, Oxy-Acetylene Tips, Dec., 
1924, Vol. 3, pp. 77-84. The blowpipe proves indispensable for the construction, 
— and maintenance of equipment and as a handy construction tool on the 
job. 

Oxy-Acetylene Welding of High Pressure Gas Lines, Acetylene Journal, 
Nov., 1924, pp. 221, Vol. 26. 

Oxy-Acetylene Welding of Non-Ferrous Metals, Alfred S. Kinsey, Acety- 
lene Journal, Vol. 26, Nov., 1924, pp. 223, 225. Phosphor. bronze, aluminum, 
aluminum alloy, duralumin, monel metal. 

Precision Electric Welding S. W. Mann, Canadian Machinery (Aug. 28, 
1924), Vol. 32, pp. 289-91. 

Resistance Welding, V. E. Walter and W. J. Lalley, U. S. Pat. 1509384, Off. 
Gaz. (Sept. 23, 1924), Vol. 326, p. 806. 

Study of the Oxygen-Oil Explosion Hazard, Dr. M. D. Hersey, Mechanical 
Engineering, Oct., 1924. 

- an Impossible Is Possible, Oxy-Acetylene Tips, Dec., 1924, Vol. 3, pp. 

Tube Welding Machine, F. S. Gale, Canad. Pat. 242682, Pat. Off. Rec. 
(Sept. 2, 1924), p. 1990. 

Welded Joints for Cast Iron Pipes, Oxy-Acetylene Tips, Nov., 1924, pp. 
62-68. Laboratory studies, skilled welders, first bronze welded cast iron prpe 
line laid in the East. ’ 

we Piping in Buildings, H. E. Wetzell, Power, Vol. 60, Nov. 11, 1924, 
p. 784. 
Welding Blowpipe as a Heating Unit, Oxy-Acetylene Tips, Nov., 1924, p. 
“ How it is being used preparatory to making joints in large diameter lock 
ar pipe. 

Welding, Contracting Strains in, C. J. Holslag, Canadian Machinery (Sept. 
4, 1924), Vol. 32, p. 32. 

; het eng in Power Plant Piping, Use of. Modern Min. (Sept., 1924), Vol. 
» Pp. we 

Welding in the Big Plant, E. L. Swangren, Welding Eng., Nov., 1924, Vol. 

19, Pp. 41, 44. 
elding Machine, Automatic, E. Gruenfeldt, U. S. Pat. 1509507, Off. Gaz. 
(Sept. 23, 1924), Vol. 326, pp. 829-30. 

Welding Patches on Boilers a Dangerous Practice, H T. Smith, Power, 
Vol. 60, Nov. 18, 1924, p. 813. 

Welding Practice in an Oil Refinery, C. R. Price, Acetylene Journal, Nov., 
1924, Vol. 26, pp. 233, 234, 236, 238 and 240. 

Welding Saves Thousands, Oxy-Acetylene Tips, Dec., 1924 p. 76. 

What Oxy-Acetylene Equipment Does for the Sheet Metal Shop, Oxy- 
Acetylene Tips, Dec., 1924, Vol. 3, pp. 73, 74. 

hen New York Cleans Up, Oxy-Acetylene Tips, Nov., 1924, Vol. 3, No. 4. 
pp. 33, 34. Why and how the greatest city is removing several old elevated 
spurs by the aid of the cutting blowpipe. 
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Swedox 
Welding Rods 


and Wires 


LEKTROX SWEDOX NICKOX CYLKOTE 
NONOX SWEDOX KROMOX MANKOTE 
ARC CARBOX RAILOX TOBIN BRONZE 


MANGANOX 
GAS CARBOX STEELKOTE BRAZOX 


CASTOX LEKKOTE BRONZOX 
VANOX ALUMINOX MANGANESE BRONZE 


The above list of Welding Rods covers the American Welding Society’s Speci- 
fications E-No. 1A, E-No. 1B, E-No. 1C, G-No. 1A—Folio Nos. 1-E and 1-G, and a 
large variety of other analyses developed by us for special purposes. 


Put your welding problems up to our experts—(Demonstration will be made 


wherever possible.) Free samples of any rod sent upon request. 


Chicago Office and Detroit Office and 


Warehouse Warehouse 
4545 S. Western Blvd. & 5061Bellevue Ave. 
CHICAGO, ILI. DETROIT, MICH. 
Phone Lafayette 8500 Phone Lincoln 6780 


& 


MILBURN 


Efficiency and economy of gases are achieved in Milburn 
Welding and Cutting Apparatus. 


Welding Torches Acetylene Generators Regulators 
Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 


THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 


WILSON 


Welding Machines and 
“Color-Tipt” Welding Wire 
Special Grades of Wire for Welding 
STEEL—CAST IRON—BRASS—BRONZE— 
MONEL-METAL 


Wilson Welder & Metals Co., Wilson Building, Hoboken, N. J. 


Distributors in Canada G. D. Peters & Co., Ltd., Montreal 
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ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
we are glad to explain 


Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 
12” x 44"— “ 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, IIl. 
553 Monadnock Blidg., San Francisco, Cal 


Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 


909 EAST 134TH STREET 327 S. LA SALLE STREET 
NEW YORK CHICAGO 


That Feeling of Complete Satisfaction 
experienced by users of Torchweld Equipment is easily ex- 
plained by the service which is built into it. 


Torchweld Users are a Unit in declaring that the performance 
of Torchweld Apparatus exceeds their expectations. 


Send for Catalog No, 23-A 


TORCHWELD EQUIPMENT COMPANY 


224 No. Carpenter St. Chicago, Ul. 
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ITS NEW 


An Ideal Constant Current 
Characteristic 


HE 200 Ampere Westinghouse Arc 
Welder—the welder with the 
quickest arc voltage recovery—assures 
good fusion and a homogeneous weld. 
The New Improved 
This is a direct result of the instant 200 Ampere West- 


: inghouse Arc Welder 
recovery of the normal arc welding 


voltage, which results in an ideal con- with simplified con- 
stant current characteristic. trol and a wider range 
of current adjustment 


We welcome the opportunity to explain ~60 to 300 amperes. 


every detail of this new equipment. 


Westinghouse Electric and Manufacturing Company 
East Pittsburgh Pennsylvema 
Sales Offices in ail Principal Cities of the 
United States and Foreign Countries 


Arc Welding Department, Industral Sales 
Westinghouse Electric & Manufacturing Company 
East Pittsburgh, Pennsylvania 


Please send me a copy of your publication—Arc Weld. 
ing and Cutting. 
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UNION CARBIDE 


World’s Best Quality - Highest Gas Yield 
Always Uniform - Always Dependable 


Packed We have 
in Warehouses 
Blue and Gray in 
Drums 175 Cities 


The product of the originators and developers 
of the carbide and acetylene industry 


UALITY assured by more makes Union Carbide quickly 

than a quarter of acentury available everywhere. 
of experience in selecting raw § There is a Union Carbide 
materials and in perfecting lab- warehouse near you. Shipment 
oratory practice and works jg made same day your order is 
processes. received. 

The faithfully sustained qual- _ We supply Union Carbide in 

ity compels recognition of the Generator sizes— direct to con- 
economies which go with it. sumer—at factory prices. 


Union Carbide will keep for Blue and 
years in the original package 
without deterioration. —? symbol denoting Best Grade 

Carbide, Highest Gas Value, 

Our remarkable nation-wide Uniform Dependable Quality 

service and distributing system and Purest Gas. 


UNION CARBIDE SALES COMPANY 


Principal Offices: Carbide and Carbon Bldg., New York, N.Y. 
Peoples Gas Building, Chicago, Ill. Balfour Building, San Francisco, Calif. 
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New York will never go dry 


"TH water supply system for city there is a third reservoir, and 
Greater New York was de- on Staten Island a fourth. 

signed with the thoughts of re- 

serve supply and safety foremost. Linde’s national system of 115 
Up in the Catskills, near the plants and warehouses is like the 
source of this water supply, is the New York water system. The 
Ashokan reservoir. This is am-_ reserve facilities of any or all of 
ple for New York in the far dis- these plants and' warehouses can 
tant future. A few miles away is- be directed toward the single plant 
the Kenisco reservoir, built for or warehouse that is your source 
safety. On the outskirts of the for oxygen. ’ 


THE LINDE AIR PRODUCTS COMPANY 
General Offices: Carbide @ Carbon Bldg., 36 East 42d St., New York 
33 PLANTS—77 WAREHOUSES 


YOU CAN DEPEND ON THE LINDE COMPANY 
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The WD-12 Arc Welder 


—operates on any commercial ae | feature of the WD.12 Arc Welder 
voltage, phase or frequency. 


—a two-unit machine (motor and 


penta This welder gives 24-hour service, 
—generator is self-excited. 


—teactor automatically steadies day after day 
arc. 
—handwheel on generator for 


regulating welding current. It delivers 200 amperes contin- 


—any value of welding current 


between 75 and 300 amperes. uously and 300 amperes for short 
to suit the work. High voltage is 
welding. provided to “‘burn the metal in” 
on heavy work. 


The WD-12 Arc Welder can be 
used with all commercial sizes of 
Pour every are welding need. Ask the will handle any welding job either 


mation, nearby or over a thousand feet 


General Electric Company from the machine. 
Sch dy, N. Y. ‘ 
Cities Ready to work when delivered. 


47B-821D 


GENERAL ELECTRIC 
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GAS WELDING RODS 
and ELECTRODES 


To know at all times the qualities of the Welding metal definitely 
establishes one essential factor. Page-Armco Gas Welding Rods 


and Electrodes remove all doubt regarding the character of the 
welding metal. 


The metal is uniform, assuring an even, uniform deposit of dense, 
clean metal, and a dependable weld. 


They are the purest iron made commercially and a recognized 
standard, 


Conform in all respects to A. W. S. specifications. Gas Weiding 
Rods—Grade G No. 1-A. Blectrodes—Grade E. No. 1-A. as 
Welding Rods, yellow tag and rod ends colored yellow. Elec- 
trodes, blue tag, and ends of rods colored blue. 


PAGE HIGH CARBON 
GAS WELDING RODS AND ELECTRODES 


For Building Up Worn Rails and Other High Carbon Steel Parts, Page High 
Carbon Gas Weiding Rods and WBilectrodes produce welds which equal or 
exceed the hardness of the original metal. 


Smooth flowing qualities in the arc or gas flame is one of the desirable features. 
Conform in all respects to A. W. 8. specifications. Gas Welding Rods—Grade 
G No. 1-C,. WBlectrodes—Grade E No. 1-0. The ends of Page High Carbon 
Welding Rods are colored red and Bundles are tagged with red tags. 


PAGE STEEL & WIRE COMPANY 
BRIDGEPORT, CONN. 


DISTRICT SALES OFFICES 
CHICAGO - NEW YORK - PITTSBURGH - SAN FRANCISCO 
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This is the one important thing which a buyer of are welding equip- 
ment should consider. 


If the machine is easy to operate that is a certain indication that its 
electrical design is right. It is further a guarantee that it will work 
rapidly and make good sound welds. Easy operation always makes 
for speedy welding and good welding. 


Branch Offices Branch Offices 
The Lingoln Electric Co. 
Milwaukee 
Charlotte, N. C. Gener ces and Factory: a » 

Cleveland, Ohio Philadelphia 
Pittsburgh 
The Lincoln Electric Co, of Canada, Lid., Toronto-Montrea} 


Rochester 
European Representatives: Allen-Liversidge, Led., London St. Louls 


Exclusive Agencies with Stock: 
Distributing agencies in all principal cities. Ft. Worth, Texas Los Angeles 


New Orleans San Francisco 
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THE BIGGEST LITTLE BOOK 
—ON— 


WELDING and CUTTING EQUIPMEMT 
EVER ISSUED 


That’s what every shop-man exclaims 
when he gets the new vest pocket edition 
of the Rego illustrated Catalog. It tells 
all about every type of torch and equip- 
ment and gives a lot of data on welding 
and cutting as well. You should have one. 


RESO TORCHES 


and 


REGULATORS 


are today recognized as the standard in 
equipment for welding, cutting and all 
jobs done with the oxy-acetylene flame. 


Whether it be cutting a 12” girder, welding a huge 
casting, or burning carbon out of an engine—there 
is a Rego torch that will do the work better and 
more economically. 


SEND COUPON FOR POCKET CATALOG 


Mail the coupon and let this big little book tell 
you more about Rego. 


THE BASTIAN-BLESSING COMPANY 
252 E. Ontario St., Chicago, II. 


Rego is Distributed Nationally by 


Kentucky Oxygen Hydrogen Co., Memphis Oxygen Co., 52 W. Me- if, oer 
Logan St. & Goss Ave., Louwis- Lemore Ave., Memphis, Tena. Paes 
ville, Ky. st. Paul Welding & Mfg. Co., 174 Ze 
Weldox Equipment Company, 359 West Third St., St. Paul, Minn. * Ce 
West 52nd St., New York City. Electrolytic Oxygen Co., 936 
international Oxygen Co., 796 Fre- Kenyon Ave., Cincinnati, Ohio a ote 
linghuysen Ave., Newark, N. J. The Noble Company, 1801 Figue- 
Gas Products Co., Columbus, Ohie rea St., Los Angeles, Cal. +S 


Mountaineer Welders Supply Co., 408 S. Main St., Butte, Mont. 
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ADVERTISING 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all Wi |i 
kinds of welding and cutting work. BN 
The use of Carbic Cakes permits an ease of | \ 


handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Minn. New York, 141-149 Centre St. 


Carble low pressure, 
portable generator. Boston, 27 School Street Chicago, 565 W. Wash. Bivd. 


The Hendrie & Bolthoff Mfg. & Supply Ce., Denver, Colorade. 


Listed as standard Woodward, Wright & Company, New Orteans, La. 
by Fire Unde ters’ 
Laboratories. «Offices and Representatives in other principal Cities 


ROEBLING 
WELDING 
WIRE 


High Carbon Electrodes 
Low Carbon Electrodes 
Gas Welding Wire 


Conforms to specifications of The American Welding 
Society 


Exacting tests have proven that it possesses those quali- 
ties essential to good welding. 


John A. Roebling’s Sons Company 
TRENTON, NEW JERSEY 
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CESCO ARC WELDING HELMET 


Style P. A _ thoroughly practical and 
comfortable protection for the welder. 
Note that when preheating or making the 
work ready the door indicated by the 
arrow, at the left, opens up, and back of 
this door is a protection glass. Thus in- 
spection of work is made convenient and 
free from the danger of filling the oper- 
ator’s eyes with sand. 
Manufactured by 


CHICAGO EYE SHIELD COMPANY 
2304 Warren Ave. Chicago, IL 


| Fat | Tat Vat Vat Vat Vat Vat Vat Vat Vat Vat Vat Vat 


} 


picbicbich 


For heavy welding operations 


in all fields 
Railroad Industrial Marine 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
Pittsburgh Chicago Boston S. San Francisco 


IG 


Vat | Vat | Vat Vat Vat Vat Vat Vat Vat Vat Vat Vat Vat Fat Vat Fat Vat Vat 


“THE UNIVERSAL 
WELDING MACHINE” 


The Only Really Portable 
Machine 


ARE YOU AWARE that - 
machine can be made 

operate from any INDUSTRIAL 
eo SUPPLY A. C. or 


Electric Arc Cutting 
& Welding Co. 
152-56 JELLIFF AVE. 

NEWARK, N 
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“All Regulation of Current Is Accom- 
plished by Turning a Hand-Wheel on 
the Generator” 

This feature was originated by us and 


has been embodied in our Arc Welding 
Machines for over three years. 


Dependable Welds Require Dependable Equipment 


Under the most severe service conditions these 
machines have demonstrated their mechanical 
and electrical fitness. 


Let us send you more complete information. 


BURKE ELECTRIC COMPANY 
ERIE, PA. 


Service-Sales Offices: 


Buffalo Cleveland New York Pittsburgh 
Chicago Detroit Philadelphia 


Sales Agenciess 
Cincinnati Kansas City Chicago 
Underwood Electric Co. W. T. Osborn Western Welding & Equipment Co. 


Milwaukee 
Fred H. Dorner 
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High Purity Oxygen 


Ores buyers should specify 

the percentage of purity in their 
contracts, and insist that deliveries 
are continuously up to specifications. 


Airco high purity oxygen can be 
bought that way. Why buy oxygen 
any other way?—vwe prefer to sell 
it on that basis. 


Any Airco representative will in- 
form the buyer how oxygen may be 
tested and full cylinder conterts 
determined by simple methods. 


Air Reduction Sales Co. 


Home Office: 342 Madison Ave., N. Y. C. 


26 Airco Oxygen Plants : 14 Airco Repair Stations 
16 Airce District Offices 2 Airco Calorene Plants 
12 Airco Acetylene Plants 72 Airco Distributing Points 


Airco Apparatus Factories and Laboratories at 
Jersey City and Elizabethport, N. J. 


Anything and Everything for Oxyacetylene Welding and Cutting 
Copyright, 1924, Air Reduction Sales Co. 
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